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) FUREWORD

(U) The work reported herein was performed at the request of the
Air Force Aero-Propulsion Laboratory (AFAPL) (APTP), Air Force .
Systems Command (AFSC), for the General Electric Company under
Contract Number AF30(657)-16142, Svstem 468A.

(U) The results of this test were obtained by ARO, Inc. (a sub- f
sidiary of Sverdrup & Parcel and Associates, Inc.), contract operator
of the Arnold Engineering Development Center (AEDC), AFSC, Arnold
Air Force Station, Tennessee, under Contract F40600-69-C-0001.

The tests were conducted in Propulsion Engine Test Cell (T-4) of the
Rocket Test Facility (RTF) from January 25 to March 14, 1968, under
ARO Project No. RD0820, and the manuscript was submitted for publi-
cation on July 2, 1968.

(U) This report contains classified information extracted from the
Model Specification No. E-2054 for YJ97-1 and YJ97-3 engines, dated
] August 1, 1966, and its revision dated February 1967 and January 1968,
Confidential, Group 1.

(U) This technical report has been reviewed and is approved.

Donald W. Ellison Roy R. Croy, Jr.
Lt Colonel, USAF Colonel, USAF
AF Representative, RTF Director of Test

Directorate of Test
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CONFIDENTIAL ABSTRACT

(C) An altitude performance calibration of the J97-GE-3 turbojet
engine (S/N E447007) was conducted as part of an official Qualification
Test. The engine was tested over a range of Mach numbers from 0. 80
to 0. 85 and altitudes from 40, 000 to N + 5000 ft. The engine specific
fuel consumption, at the guarantee thrust levels, was from 2 to 4 per-
cent lower than the specification guarantees at all of the guarantee
flight conditions at which data were obtained. A comparison between
scale force and momentum balance methods of determining engine
thrust indicated agreement within 2 percent.

The test was terminated
by a second-stage turbine disk failure.

[n addition to security requirements which must be
met, this document is subject to special export con-
trols and each transmittal to foreign governments or
foreign nationals may be made only with prior approval
of Air Force Aero-Propulsion l.aboratory (APTP),
Wright-Patterson A Base, Ohio 45433.
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, NOMENCLATURE*
:
l
\ A Area, in.2 or ft2
: 1
[ AES8 Primary exhaust nozzle effective throat area, in.2
/ ALT Altitude, ft ‘
’ CF Discharge coefficient
| CFG Convergent—divergent equivalent thrust coefficient )
|
Cv Velocity coefficient

’ ch Specific heat at constant pressure, Btu/lb, -°R
| c, Specific heat at censtant volume, Btu/lb,,-°R
} DTO Off-standard temperature, t°F
i ETABM Main burner eificiency, percent
|
| aTAC Compressor efficiency, percent
\
| F Fuel-air ratio, by -fuel/lb ~air
\ FD Ram drag, 1bg 1
i FNMB Calculated net thrust momentum balance, lbg
: FNS Measured net thrust scale force, lbs
\
i g, Dimensional constant, 32.174 b, -ft/1bp-sec?
\
| H Enthalpy, Btu/lbg,
‘ HPE Horsepower extracted, hp
t hp Lower heating value of fuel, Btu/lb,,
| J Mechanical equivalent of heat, 778.3 ft-1by/ Btu

L Length, ft

M Mach number {

N Mechanical rotor speed, rpm
| *The symbols in this nomenclature were made to agree with the
L nomenclature in the Engine Specification (E-2054, Ref. 6) ag far as
; possible. Where there was no guide in Ref. 6, termsgs were used that are
i consistent with current program usage.
s
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Total pressure, psia

Percent rotor speed

Percent corrected rotor speed

Relative pressure ratio

Static pressure, psia

Heat rate, Btu/h>

Gas constant for air, 53.34 ft-1bg/lb,-°R
R.im recovery factor

Thermocouple recovery factor

Reynolds number

Reynolds number index
lbm-fuel/hr
lbg-net thrust

Specific fuel consumption,

Total temperature, °F or °R

Static temperature, °F or °R
Velocity, ft/sec

Weight flow, 1by,/sec or lby,/hr
Fuel flow, lby,/hr

Hydraulic fluid flow, 1lb,,/hr
Compressor variable stator angle, deg
Ratio of specific heats, cp/cV
Relative pressure, (P2/14.696)
Emissivity ratio

Relative temperature, (T2/518.67)
Viscosity, lby,/ft-sec

Density, lbg/ft3

Cooling

Adjusted to calculated altitude and Mach number conditions
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HF

NE

SP

ES

SUBSCRIPTS

eng
i
o, cell

X

STATIONS

00
1N
1D
LS
1

2
2P
3
31
39

Corrected for thermal growth

Hydraulic fluid

Isentropic

Nozzle shroud external

Ambient conditions at desired test altitude
At specification condition

Calculated

Corrected to sea-level static conditions

Engine
Indicated
Test cell conditions

Calculated

Airflow measuring venturi inlet
Airflow measuring venturi throat
Venturi discharge

Labyrinth seal cavity

Primary air supply duct
Compressor inlet

Test cell plenum

Compressor discharge

Burner inlet

Burner discharge

Turbine inlet after WC3 is added to the stream

Turbine discharge before WC4 is added to the stream
Turbine discharge after WC4 is added to the stream
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52 Tailpipe inlet
7 Tailpipe exit
i 8 Primary nozzle throat | 1
9 Ejector exit

SS Secondary air supply duct

17 Secondary nozzle inlet
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SECTION |
INTRODUCTION

(C) The J97-GE-3 power plant is a single-spool, nonafterburning,
turbojet engine designed for optimum performance at very high altitudes.
Five altitude development tests of this engine have been conducted pre-
viously at AEDC (Refs. 1 through 5). The manufacturer's identification
for this engine was GE1 before it was designated J97.

(C) The purpose of the test program was to conduct an official
engine performance qualification test at all of the guarantee flight con-
ditions listed in Table II of the Engine Specification (Ref. 6). Because
of a second-stage turbine disk failure during testing at N + 5000 ft, the
low altitude portion of the test program was not completed.

(C) This report (Part I) presents the engine thrust, specific fuel
consumption, exhaust gas temperature, airflow, and rotor speed adjusted
to specification conditions for three guarantee flight conditions (36, 089
ft at Mach 0.60, N ft at Mach 0. 80, and N + 5000 ft at Mach 0. 85) plus
one additional condition (N - 10, 000 ft at Mach 0. 80) which is not a
guarantee point. The data are compared with the engine guarantees in
Table II of the specification (Ref. 6). Some additional information is
presented on engine operating experience, lube system heat rejection,
and engine stall margin.

(C) The results of an engine endurance test, conducted at AEDC
during May 1968, will be covered in a second report (Part II) to be pub-
lished at a later date.

SECTION Il
APPARATUS

2,1 TEST ARTICLE

(C) The Yj97-GE-3 engine (Fig. 1, Appendix I) used for this investi-
gation is an axial-flow, nonafterburning, single-rotor turbojet incor-
porating variable stators, a two-stage turbine, a tailpipe with a 7-deg
canted aft section, and a fixed-area converging nozzle. The engine
utilizes a secondary air ejector nozzle designed to increase engine thrust.
The engine has a thrust-to-weight ratio of 6:1 at a maximum thrust
rating of 4400 lby at sea-level static conditions. The dry weight of the
engine (including tailpipe and secondary nozzle) is 739 1lb, overall cold
length is 109. 5 in., and inlet diameter is 20.1 in.

1
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(C) The compressor is a 14-stage unit with a pressure ratio of
13.5:1 and an airflow of 70. 4 1b/scc at 13, 650 rpm at sea-level static
operation. The inlet guide vanes and first five stator stages are
integrally variable and scheduled as a function of compressor rotor
speed and compressor inlet temperature. The forward frame assem-
bly includes the inlet guide vanes, forward bearing and support struts,
and a drive for the engine gearbox. The compressor rear frame
asser:hly includes the compressor outiet guide vanes, outer combustor
casing, turbine frame, and the number 2 and 3 oil sumps.

(C) A two-stage, air-cooled turbine drives the compressor. Cool-
ing air is bled from the compressor discharge and admitted to the tur-
bine section for cooling of the first- and second-stage stators, the
first-stage rotor, and the second-stage wheel.

(C) An annular combustor is attached at the forward end of the
compressor rear frame by bolts through the rear frame. Eighteen fuel
nozzles are flange mounted to the compressor rear frame and extend
into the combustor inlet centered in the combustor inlet swirl cups. The
fuel nozzles contain high- and low-flow spin chambers with an integral
scheduling valve which proportions the flow to each spin chamber.

(C) The ignition system consists of a power source, leads, and two
igniter plugs. The system is a noncontinuous capacitor discharge type
with a rating of 4 (min) to 10 (max) joules. The minimum spark rate is
2 sparks/sec/plug at an input voltage of 115 volts at 400 Hz.

(C) The primary exhaust section for this test (Fig. 2a) was com-
prised of a canted tailpipe and a 139-in. 2 fixed-area conical exhaust
nozzle. The tailpipe and centerbody at the turbine discharge form an
annular diffuser which terminates 17. 2 in. from the diffuser inlet in a
full cylindrical cross section. Eleven, long-chord, antiswirl, airfoil-
shaped struts are located in the diffuser. The cylindrical section is
canted 7 deg beginning at a point 34. 8 in. from the tailpipe inlet.

(C) The secondary nozzle system (Fig. 2b) is comprised of three
cascaded, concentric nozzles of different discharge areas. Secondary
concentric nozzle areas were: first stage, 175.5 in. 2; second stage,
188. 2 in. 2; and third stage, 203.2 in. 2,

(U) The main fuel pump is mounted on and driven by the engine gear-
box and in turn drives the main fuei control (MFC) which is tandem
b mounted on the pump. The main fuel pump is a two-eiement unit con-
taining a centrifugal boost element and a single-stage, vane-type, high-
pressure element.

2
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(U) The fuel centrol is an isochronous-type hydromechanical unit
which limits acceleration, steady-state, and decelerating fuel flows;
limits speed as a function of compressor inlet temperature and com-
pressor discharge static pressure; limits maximum exhaust gas tem-
perature; and controls stator vane position by regulated fuel servo-
pressure to the fuel-operated, stator vane hydraulic actuators.

(U) The main lube pump is a positive displacement type with engine,
customer, and scavenge units. The lube system incorporates an auxi-
liary water-oil cooler in series with the engine mocounted fuel-oil cooler
to maintain the lube oil temperature below the 300°F specification
operating limit. The auxiliary oil cooler was not used during this test
because the oil temperature did not reach the 300°F limit without the
cooler.

(U) A piston-type hydraulic pump (with an independent hydraulic
system) was mounted on a customer drive pad of the engine gearbox to
provide a means of extracting shaft horsepower from the engine. The
back pressure on the pump discharge port was controlled with a throt-
tling valve to obtain the desired horsepower extraction.

2.2 INSTALLATION

(U) The engine assembly was mounted on a thrust stand which in
turn was flexure-mounted on a model support cart and installed in
Propulsion Engine Test Cell (T-4) (Fig. 3). A detailed description of
the T-4 test cell is presented in Ref. 7. The secondary nozzle with its
integral air shroud was rigidly mounted on the thrust stand and aligned
with the primary exhaust nozzle. The engine inlet duct extended into a
zero-leakage, labyrinth-type air seal mounted on the downstream bulk-
head of the engine inlet plenum. The engine inlet plenum contained two
flow-straightening grids with screen overlays and a bellmoutn to ensure
a smooth flow of air into the engine inlet. The primary airflow rate was
measured using two critical-flow venturis located 27. 5 ft upstream of
the engine inlet plenum. Airflow to the secondary nozzle system was
bled in from atmosphere through an 8-in. -diam pipe, and flow rates
were measured using an ASME sharp-edged orifice.

(U) The lube oil tank is not engine equipment and is not engine
mounted; therefore, a General Electric-supplied substitute tank was
mounted on the thrust stand. The discharge from the customer port of
the main lube oil pump was returned directly to the oil tank.

3
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2.3 INSTRUMENTATION

(U) Aerodynamic pressure and temperature measurements were
made at the stations shown in Fig. 4. Diagrams showing the number
and type of instrumentation at each station are shown in Fig. 5.

(U) Pressure and scale force were measured with strain-gage-type
transducers, and temperatures were measured with iron-constantan
(IC), copper constantan (CC), and Chromel-® Alumel® (CA) thermo-
couples. The millivolt outputs of the transducers were recorded on
magnetic tape from high-speed analog-to-digital converters and con-
verted to engineering units and calculated performance parameters
by a digital computer. Selected channels of pressure, temperature, and
vibration (designated as safety parameters) were displayed in the con-
trol room and were photographically or manually recorded. A flight-type
thermocouple harness for measuring turbine discharge temperature
(station 55, Fig. 5) was provided with the engine, and the output was reg-

istered on a null-balance potentiometer and recorded both manually and
automatically.

(U) Fuel, lube oil, hydraulic fluid, and water flow rates were meas-
ured by turbine-type flowmeters. The output signal was recorded on
magnetic tape from frequency-to-analog converters and converted to flow
in pounds per hour by a digital computer. Control room indication was

displayed on digital electronic frequency converters from a frequency-to-
shaped-waveform converter,

(U) The instrumentation ranges, recording methods, and posttest

estimates of measurement uncertainty are presented in Table I (Appen-
dix II).

2.4 CALIBRATION

(U) All pressure measuring transducers were laboratory calibrated
with an NBS secondary standard pressure generator prior to usage in
this program. The thrust measuring system was calibrated in place by
applying known force levels to the thrust stand. The calibration forces
applied to the thrust stand were generated by a hydraulic loading system.
Calibration force levels were determined from load cells installed in the
loading system that had been calibrated against a secondary standard.
The fuel flowmeters were calibrated in place with a mass weighing
system. The fuel flowmeter calibrations were performed at tempera-
tures and pressures comparable with run conditions.

4
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(U) Alter installation of the sensors in the test cell, the data !

L’ acquisition systems were electrically calibrated. The pressure systems '
for run 3 and the thrust systems for all runs were electrically calibrated

using known resistances in the circuits to simulate known pressure and

force levels. The pressure systems for run 9 were pressure calibrated

in place with a fused quartz Bourdon tube sensor, precision pressure ‘

rage, incorporating optical measurement of deflection and digital pres-

entation. The thermocouple output recording systems were spanned to A
cover the thermocouple output voltage range, and the NBS temperature- |
millivolt calibration for each type of thermocouple was used for data re-

duction. The flowmeter data acquisition system was calibrated using {

selected inputs from an NBS secondary standard frequency generator to
simulate flowmeter outputs. Calibration of the data acquisition systems j
was conducted at sea-level ambient conditions prior to each run.

SECTION I
PROCEDURE

I 3.1 SIMULATED FLIGHT CONDITIONS

(U) Conditioned air was supplied to the compressor inlet at the total
pressure and temperature required to simulate the desired flight condi-
tion. Test cell pressure was set at the level corresponding to the de-
sired altitude based on the geopotential measure (H) of the U. S. Standard
Atmosphere (Ref. 8). One-dimensional, isentropic, compressible flow
functions were used to determine the compressor inlet pressure and tem-
h perature for a desired Mach number. An engine inlet preszure ram re-
covery factor of 0. 99 was used for all flight conditions. The secondary
nozzle inlet pressure was set at a specified percentage of the compressor
inlet pressure (Ref. 6) by throttling the atmospheric inlet.

(C) Engine steady-state performance was determined over a range
of Mach numbers from 0. 80 to 0.85 a1 ' altitudes fcom 40, 000 to
N + 5000 ft.

3.2 FUEL AND OIL

b ) (U) Fuel conforming to MIL-T-5624G, Grade JP-4, and oil conform-
ing to MIL-L-7808F were used during this investigation.

5
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3.3 DATA AND CALCULATIONS

(U) The methods used in calculating the steady-state parameters
are presented in Appendix III. The tabulated steady-state test data are
presented in Appendix IV. The pretest estimates of uncertainty for
the most important performance parameters, based on the estimates
of measurement uncertainty in Ref. 9, are presented for the unadjusted
test data in Table Ila. Based on the posttest estimates of measurement
uncertainty (Table I), it is estimated that the thrust and specific fuel
consumption uncertainty will increase less than 0.5 percent.

(U) The steady-state test data were adjusted to specification condi-
tions in accordance with the Memorandum of Understanding (Ref. 9).
The pretest estimates of uncertainty for the most important perform-
ance parameters are presented for the adjusted data in Table IIb. The
adjusted data used in this report are presented in Table III.

3.4 TEST CONFIGURATION

(U) The test article was a Bill of Materials engine with the excep-
tion of the Lube and Scavenge Pump Assembly S/N LJAMO117 which

was a nonqualification part. No engine component changes were made
during the test.

(C) The secondary supply piping and plenum chamber (Fig. 2b) were
fabricated for the test to simulate flight conditions at the inlet to the
secondary nozzle and are not part of the flight hardware. Between runs
6 and 7, a flight-type thermal insulating blanket was installed around the
engine tailpipe to reduce thermal radiation losses. This blanket was in
place for all of the official high altitude (N - 10, 000 to N + 5000 ft) test-
ing, but was not in place for the 40, 000-ft operation (run 3).

SECTION IV
RESULTS AND DISCUSSION

(C) Testing of J97-GE-3 engine (S/N E447007) was divided into two
parts: unofficinl and official. The first six runs (the unofficial part)
were system and performance check runs and included the data obtained
at 40, 000 ft, Mach 0. 80. The engine flight envelope with the planned
and actual test conditions (official part) indicated is presented in Fig. 6.

6
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(C) The test at 40, 000 ft (run 3) was conducted to check out the
instrumentation. Plans called for the low altiiude guarantee points
(35, 089 ft and below) to be obtained after the high altitude perform-
ance conditions were completed. Because of the turbine failure, the
low altitude data were not obtained and the 40, 000-ft, Mach 0. 80 data,
obtained during the checkout, were adjusted to the 36, 089-ft, Mach
0. 60 specification guarantee condition using the methods described in
the Memorandum of Understanding (Ref. 9).

(C) When the performance checkout runs indicated poorer engine
performance than expected at N and N + 5000 ft, it was proposed that
the tailpipe thermal insulating blanket (normally installed in the flight
vehicle) be installed on the engine. This was done prior to run 7, and
the run 7 results indicated an appreciable performance improvement.
The official test (run 9) was then conducted with the insulating blanket
installed on the engine. Run 8 data were not valid and are, therefore,
not included in the report.

(C) This report presents the engine thrust, specific fuel consump-
tion, exhaust gas temperature, airflow, and rotor speed adjusted to
specification conditions for three guarantee flight conditions (36, 089 ft,
Mach 0.60; N ft, Mach 0.80; and N + 5000 ft, Mach 0. 85). Data for
one additional condition (N - 10, 000 ft, Mach 0. 80), which is not a guar-
antee point, are also included. The data are compared with the engine
guarantees in Table II of the specification (Ref. 6). Some additional in-
formation is presented on engine operating experience, lube system
heat rejection, and engine stall margin.

4.1 OPERATIONAL EXPERIENCE

(C) A summary of engine E447007 operating times during the AEDC
test reported herein is contained in Table IV. Total engine operating
time for the test was 28 hr and 34 min. With the exception of the turbine
failure which terminated the test, no significant engine operating dif-
ficulties were encountered. The maximum observed vibration levels on
the compressor front and rear frames (Table IV) were 1.7 and 2. 6 mils,
respectively, which were well below the respective 4~ and 6-mil limits.

(C) A summary of engine altitude windmill starts made during the
test is presented in Table V. To supplement the information available
on engine E447007, a summary of the starts made on YJ97-GE-3 engine
S/N E447051 during a preceding test at AEDC (Ref. 5) is included. AIll
starts attempted on both engines were successful; the maximum alti-
tude at which starts were attempted was 35, 000 ft. It should be noted
that a systematic altitude start investigation was not conducted.
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(C) A summary of engine flameout experience on engiues E447007
and E447051 (Ref. 5) in the T-4 test cell at AEDC is presented in
Table VI. No flameouts occurred during steady-state operation of
engine E447051. Three flameouts were encountered with engine
E44705 during transition between altitude tect points. The conditions
at which these flameouts occurred are listed in Table VI. During test-
ing of engine E447007, compressor discharge pressure was maintained
at a level of 10 psia or greater during transition between altitude test
points (to prevent engine flameout), and no flameouts occurred. A sys-
tematic flameout investigation was not attempted.

(C) The YJ97-GE-3 engine (S/N 447007) steady-state compressor
operating pressure ratio as a function of rotor speed is presented in
Fig. 7 for two altitude test conditions. An indication of the compressor
stall margin can be obtained by comparing these data with the stall line
obtained during the test of J97 engine S/N E424005/2 (Ref. 4). The in-
dicated stall margin at these altitude conditions decreased from approxi-
mately 6 percent at 14, 400 rpm to approximately 3.5 percent at
14, 000 rpm.

(C) Engine S/N E447007 was operated with 80°t fuel at the engine
fuel pump inlet and with no cooling water flow through the auxiliary
water-oil cooler during all testing at AEDC. Engine oil pump inlet
temperature is presented in Fig. 8 for operation at two high altitude test
conditions. The maximum oil pump inlet temperature observed during
the test was 293°F.

(C) Although there was no water flow through the auxiliary oil
cooler, the engine oil was circulated through the cooler, and the heat loss
from the oil lines and the cooler is estimated to be 125 Btu/min. Also,
the engine specification heat rejection criteria are specified for a 100°F
fuel inlet temperature. If the fuel inlet temperature had been increased
to 100°F, less than 100 Btu/min would have had to be removed from the
0il to maintain the oil temperature below the 300°F limit at the most
severe test condition (N + 5000 ft). The specification states that the
maximum heat rejection required at the most severe condition (N + 5000 ft)
will be 900 Btu/min; therefore, the engine heat rejection requirement at
this condition is approximately 675 Btu/min below the specification limit.

4,2 ALTITUDE PERFORMANCE

(C) Engine jet thrust was determined by two methods: momentum
balance and scale force (see Appendix III). A comparison of the results

8
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of the two methods is presented in Fig. 9 as a function of scale force

jet thrust. The two methods agree within 2.1 percent for all of the

data presented in this report. The net thrust and specific fuel consump-
tion data obtained by both the scale force and the momentum balance
methods are tabulated in Table III. The scale force data were used to
calculate all performance results presented and discussed in this report.

(C) Specific fuel consumption as a function of adjusted net thrust is
presented in Fig. 10 for the three guarantee altitude conditions }
(36, 089 ft, Mach 0.60; N ft, Mach 0.80; and N + 5000 ft, Mach 0. 85)
and the N - 10, 000-ft Mach 0. 80 condition (not a guarantee point). The
specific fuel consumptions at the guarantee thrust levels at 36, 089, N, #
and N + 5000 ft were 2.2, 3.8, and 1.7 percent, respectively, less than
the specification guarantee values. The maximum net thrust obtained at
36,089, N, and N + 5000 ft during the test exceeded the specification
guarantee values by 2.0, 2.9, and 9.5 percent, respectively. The thrust
data at N + 5000 ft (Fig. 10c) were all above the guarantee level, thus an
extrapolation of the curve was required to determine the value of spe-
cific fuel consumption (and other parameters) at the guarantee thrust level.
At the N - 10, 000-ft condition (Fig. 10d), no data were obtained at the
maximum power condition; the specific fuel consumption was approximately 1
0.1 percent less than the estimated performance at 105-percent cor-
rected rotor speed. Note that the test data at this condition wer=2 obtained
without the tailpipe insulating blanket installed. A slight improvement in
performance would be expected if the blanket were installed.

(C) The remaining three parameters (T51, W2, and N) compared with
the specification are presented in Figs. 11 through 13. The data pres-
entation is unconventional in these figures in that thrust is presented as
the independent variable to permit direct determination of the parameter
value at the specification guarantee thrust level.

(C) The adjusted exhaust gas temperature versus net thrust is pre-
sented in Fig. 11 for the three guarantee conditions. The engine exhaust 1
gas temperatures at the guarantee thrust levels at 36, 089 and N ft were '
5.8 and 2.1 percent, respectively, less than the specification estimated
exhaust gas temperature. At N + 5000 ft, the exhaust gas temperature
was 2.0 percent less than the specification estimated value.

(C) The engine rotor speed versus net thrust is presented in Fig. 12
for the three guarantee conditions. The engine rotor speeds at the
guarantee thrust levels at 36, 089, N, and N + 5000 ‘t were 3.6, 3.4, and A
4.6 percent, respectively, less than the maximum values specified in
Table 1I of the specification.
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(C) The adjusted engine primary airflow versus net thrust is pre-
sented in I"ig. 13 for the three guarantee conditions. The engine pri-
mary airflows at the guaruntee thrust levels at 36, 089 and N ft were
1.2 percent greater than the guarantee airfiow in the specification. The
airflow at the guarantee thrust level at N + 5000 ft was 0.7 percent less
than the guarantee airflow. The airflow at all three of these conditions

y was well within the k3-percent band specified in Table II of the specifica-
tion,

(C) The values of all the parameters obtained from Figs. 10 through

13 at the guarantee thrust levels are presented in Table VII along with
the Model Specification Table IT values. Note that the specification was
written for a two-position nozzle, but the test was conducted with a fixed-
arca (139-in.2) exhaust nozzle.
SECTION Vv
SUMMARY OF RESULTS

(C) The most significant results of the partial qualification test of

the YJO7-GE-3 engine S/N 15447007 at AEDC are listed below:

1. The engine was operated without m« chanical or operational
difficulties for a total of 28 hr, 34 min. The test program was
terminated by a failure of the secornd-stage turbine disk.,

]
! 2. Atotal of 12 altitude engine starts were attcmpted at various

simulated flight conditions during the course of testing, and
all were successful, No engine flameouts were encountered
during the test program.

3. The engine specific fuel consumption at the guarantee thrust
values was less than the specification at all test conditions.
At specified thrust at N ft, the measured specific fuel con-
sumption was 1. 21 lby/hr-1bg, which is 4 percent less than
the guarantee value.

4. The ecngine heat rejection is approximately 6756 Btu/min less
than the maximum specified value of Y00 Btu/min at
N + 5000-ft altitude.
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TABLE Il !
(U) PRETEST ESTIMATES OF UNCERTAINTY FOR PERFORMANCE PARAMETERS
/ a. Test Conditions ‘
Altitude, ft 36, 089 N N + 5000
Mach Number 0.6 0.8 0. 85 ,]
Parameter Percent Uncertainty
1
Net Thrust (Scale Force) +0.63 +0. 88 +0. 99 -
Specific Fuel Consumption
(Scale Force) +0. 82 +1.02 +1.12
Net Thrust
(Momentum Balance) +0. 94 +0. 94 +0. 95
Specific Fuel Consumption 1
(Momentum Balance) +1.09 +0. 98 +0.98
: Primary Engine Airflow 10, 46 +0. 46 +0. 46
Secondary Airflow +1.22 +1.22 +1.22
Calculated Turbine Discharge
Total Temperature +1.23 +1. 32 +1.33
|
1. Based on pretest estimates of two-standard deviations.
2. Uncertainties are percent of performance levels.
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TABLE Il (Concluded)

b. Adjusted to Rating Conditiuns

Altitude, ft

36, 089

N + 5000

Mach Number

0.6

0.8

0.85

Parameter Percent Uncertainty
Net Thrust (Scale i"orce) +1.52 +1. 38 +1.73
Specific Fuel Consumption

(Scale Force) +1.16 +1.25 +1. 38
Net Thrust

(Momentum Balance) +1.68 1. 44 11,71
Specific Fuel Consumption

(Momentum Balance) +1. 38 +1.23 +1,28
Primary Engine Airflow 0. 69 +0. 75 0. 96
Calculated Turbine Discharge

Total Temperature +1.23 +1. 34 +1. 34

1. Based on pretest estimates of two-standard deviations.

2. Uncertainties are percent of performance levels.

o4
CONFIDENTIAL

CONFIDENTIAL

P N B S S S " J—

|
|




s TVILNIAIINOD
3 _
M 0621 _ 97012 01e 1 ¥L02 000¢ s1°¢g GeL ‘el 8£-6 w
= 0621 [ANAYS vie’l ¢ '80¢ 6002 ¥1'¢ GeL ‘et SE-6 B
2 gLT 1 v ¥ €02 01€°1 §°L6I 9%61 01°¢ I6% ‘€1 v€-6 “,
u 2Le 1 0°€0¢2 80¢ 1 S°L6T 7961 01°'¢ €SF ‘€1 £€-6 o
=5 €LZ 1 _ 1°€02 90¢ 1 6°L6T GP6I 01°¢ 0S¥ ‘81 2E-6 F
£Le°1 N 1°€0¢ 60E 1 S L6T S¥e1 01°¢ 0S¥ ‘€1 G3°0 | 0006+N 1£-6
_ :
881 °1 c1ee 6611 [AN144 9LLT 8L’¢E 1L0 ‘€1 9¢2-6
061 °1 9°6¢¢ 961 °1 ¥ '8¢¢ OLLT 8L°¢ 190 ‘€1 G2-6
8021 0°18¢ Lge 't 1°L%2 6L81 88 °¢ L8S ‘21 £€¢-6
$02°1 9°05¢ ¥gg 1 S '9%¢ gL8T 68 ¢ 686 ‘€1 22-6 :
¥oz 1 9°1S¢ €€2°1 6°S¥2 2881 L8°¢ Z8S ‘€1 12-6
9021 ¢ 0S¢ 922 'T ¢ '9%¢ 9L.81 L8 € PLe el 0%-6
- 2611 S 1¥g 802°1 ¢ '88¢ 6181 ¥8°¢ ¥62 ‘€1 81-6 — ;
|Al| G611 L 1¥e 8021 S '8¢% %c8i ¥8°¢ 162 ‘€1 L1-6 M
= 961 °1 ¢'1ve 602 '1 9 '8€¢ L281 $8°¢ 182 ‘€1 91-6  —
m 66T 1 8 '1¥¢ 021 9°0%2 0€81 €8°¢ L2€ ‘€1 G1-6 m
— L8T T 0°0¢€zg 0611 ¥ '6¢¢ G8LI 9L°¢ 10 ‘€1 €-6 %D
H 8LT T 0°Leg ¥81°1 8 °6€T 66L1 6L'¢E 890 ‘€1 8°0 N -6 H
= =
Q 995 0 14UAN 1L6°0 8oll LEPT 08 "2¢ €¥0 ‘€1 11-€ [ s ]
(o] 2960 L0ET 996 °0 %021 pEVI £8°22 | L0 ST 01-¢ (5=
066 °0 8G611 6%6°0 8611 68€T 0L°2¢ 1eL ‘21 6-€
166 °0 8ST1 166 °0 LSTT 06¢T 0L 2¢ £IL 21 8-¢ :
0%6 0 1A %60 0211 96¢€1 66 '2¢ 9Ly ‘21 L-€ s
0¥6 0 2311 0¥6°0 €211 LGET 66 °22 £6% ‘21 9°0 680 ‘9¢ 9-¢ ]
dqr-ay /Wqr w A, on
‘uonydurnsuo) § , fat . fat-au /Mt Iq1 ‘aanjexadwa, | 098 \En: uda uiog :
isnayg, 19N | ‘uonzdwnsuo) | | . "ON 3
{ang 21j199dg 1ISnaIygL 19N 580D ISneyxsy | ‘Mmo[jaly | ‘peadg . pue
aouereg ooUBlEg | [and dijtoads 20104 31BOQ paieinote) auiduy | suiduyg UoBI SRR uny
UInjua wWogy 30304 91BOG : ’
WINJUa WO
L
SNOILIANOD NOILVYDI3123dS 01 d3isnrav O43av Ly
1S31 NOILVDIAITIVND L6 WOUd STNTVA IONVWIOS¥Id a3ansvaw (D)
i 3719vL
purstulion
. ~

st




o

Ahakd

CONFIDENTIAL

AEDC-TR-.68-167

TVILNHJIANOD
972 9 swed Jeay Jossaadwo)
L1 4 sweayq juogq Jossaaduwo))
STIW ‘19497 PaAJIdSqQ) WINUWIXEIA SIW ‘W] paryroadg WINWIXEBIA

'SMOTIO] SB 2J3M Sanfea paAI9SqO WNWIXB “5}IWIT paryioads WNWIXBW
9y} MO[23q [[3M 3I9M DUHV 18 L00LPPH N /S 2uiSus jo 3urysal Sutanp paaIasqo ST9AS] UOTIBICIA

‘adidire; autdua ayj Jo
9PIS 9Y} YSnoayj pajixa pue SO 2I8M SIPBIQ SUIQIN] N0 '[9dJMm 2UIqan] a5e)s -puooas ay} jo
sanyrey witd & £q pajrey sem Sunsa) ‘DAY 18 ewry Surjerado aurSus e303 utwi-¢ ‘ay-8g IV

W $g ‘ay 8g OadV e awrg, SuijeaadQ 18. I,

utit gz ‘ay g PNV W¥-000S + N 32 swy, SurjexadO

utwr g ‘ay gi SpPMINY 3 N 38 awrl, SuryeradQ

utiI % ay g1 1 N ueyj} ssa7 sepnjiy je awl Suiieasadp
awIly, TBI0L

343V LV £00L¥¥3 N/S INIONI €-39-L6rA 40 NOILVYIJO 40 AdVYWANS (M)
Al 378vV1

56

CONFIDENTIAL




e

(gaddame o

4

CONFIDENTIAL

AEDC-TR-68-167

- = ——

TIVILNAJIANOD
1 006¢ 0§ L0 000 ‘G¢
T 08%¢ 09 8°0 000 ‘0€
1444
0} |
01 0€1€ 0L+ 010 9°0 000 ‘62 L00
T 088¢ c1- 80 000 ‘o¢g
0€6¢€
€ 03 0E€+ 01 0T+ L0 000 ‘L2
0L8¢
089¢
g 01 ¥g+ 01 02~ 9°0 000 ‘g2 (¢ "32Y)
1153745
(4 00%¢E 06+ 9°0 00G9S 160
Ho
‘sanmjeasdwray, | rre0 zL
al/ d aanssaadg
mﬁ.m“m . wd [B30L 39141 uo paseqg |Ii1@D uo paseqg N/
JOo °ON TTTWIpUl (y Jossaaxduro) S — s — sutdum
Jo 98uey 1 < AL

YOEB3 UO SpEBW 3JaM S1IBIS INISSadong

*1dwiayje 1ae3}s

*L00LYPH PU® [GOLPPA S,N/S sauidus

L[ I07 s1dwalje 1aels [[B J0J SUOIFIPUOD I8 MOTEG DI1SI] SUOT}IPUOD 3Y],

AYVWANS 1¥VLS 3antiLv (n)

A3T8VL

57

CONFIDENTIAL

I ERRAPR

R A SR

AN




CONFIBENTIAL

~
©
v
o
©°

v
x
T

'
()
[a]
w
<

TVIINIAQIANOD
‘utw fersd 1 ueyy ssaj adueyo jo 318y,
N 000S - N ¢01
0006 - N 000 ‘8¢ 96
000 ‘ST - N 000 ‘g2 96
¥ ‘epniiiiy o, ¥ ‘epniy woayg usdasd
‘paadg
xUOTIIsuea y, Suranp jnoswer g D3108.130)

!SMOTIOF S® 210M SUOTHPUO)
‘sjutod 188 apnyrire useamiaq UOT}ISUBI} SUTINp paIInoso snoawrery 11y

'ST24371 Burjeaado sjeys-Lpeass aaoqe A1ydirs Aquo aasm
ST8437 uotleaqia surdua pue ‘sinosweyy ay; o3 Jorad P91In590 uorjessdo saurfus o1jRIIS ON
‘OdEV 1B (¢ "Joy) IS0LPPH N /S suiSus jo uoryeaado Suranp psxanooo SINO3WR] 3941,

"S1UsTSUR.I)
SPMINITE T8 Surinp 1sjeaad 10 ersd OT JO 19497 ® j®e paurejurew sem sansssad adaeyosip
Tossaadwo)y ‘Hamgy e LOOLYPH N/S auiBus jo uorjexado Suranp paaanooo SInoswrey oN

Y1lva 1no3wvd4 aNioNg (n)
IA 379vV1

58

CONFIDENTIAL




CONFIDENTIAL

AEDC-TR-68-167

SUOTIIPUO)) 3PN}y pJAepuris B sFuljey SJOUBWLIONIS g

TIV:LNHAIANOD OJdAY 1B ZuilsaJ, UOIIBDII[EN® WOoJ] Ble( SOUBWIIOLID d,
uadQ ey TRWION e TeuwIoN S UoT111SOg S91ZZO0N %.Hmsﬁw
¥0°¢ 70 ¢ 08 '¢ cg ¢ S °'2¢ 5 2as/q1 ‘(usoaad ¢F) moyyaly AfrWiAg
€26 ‘€1 08z T 008°¢ET ore eI LLE'ET o (XBIN) IWdY <030y autduy
GGBT 9161 0L81 1e81 00S1 C1H1 Y, ‘(polBuUIl}Sy) samjeiadwia], sBY) 1SNBYXH
€e 1 181 9¢ 1 121 86°0 9 qr/ay/qr ‘(xew) uorjdwinsuo) 1ang o1j109dg
061 061 0ve 0%2 08TI o dqr ‘(utN) ISnayg, 3190 BN
ST ST c1 uol3oeIXH JH
0 0 0 a1y poolg E..\u o g
66 "0 66 66 ° L1aA009y wey
S8 0 8- 9- *ON UOEIN
000G + N N 680 ‘9¢ 1] ‘OpmIIy 2anssalg

Suryey
e1e(d

<l 378V1 ‘NOILVDIHID3dS TIAOW INIONT L3roganL Z6r (n)
A 378VL

-

S E— o oaem D

9
CONFIDENTIAL




r--——-——-'——___—'——'— '

CONFIDENTIAL

AEDC-TR-68-167

APPENDIX {lI
METHODS OF CALCULATION

(U) The general methods and equations used to compute the param-
eters presented in this report are given below. Where applicable, the
arithmetic average of pressure and indicated temperatures was used,

SPECIFIC HEAT

(U) The specific heat at constant pressure was calculated from the
empirical equation,

(g + 0T 0 e T8 4 F Gy 4 b 4 e, T

(]) - 1 + I

where aj, by, and cq are constants based on the specific heats of the
constituents of air, and ag, by, and c9 are constants based on fuel
hydrogen-carbon ratio of U. 16 and the specific heats of water vapor,
oxygen, and carbon dioxide.

Temperature

aj b1 c1 as b co
Range, °R 2

o

400 to 1700 | 0.2318 | 0.104x10°4 | 0.7166x10"8 |0.2655| 3.7265x10-4

-6.6353x 1078

1701 to 4500 | 0.2214 | 0.3521x10°4] -0.3776x10-8]0.3397| 2.7182x 1074

-2.9044x10°8

(U) The ratio of specific heats was determined from

C R
% —— where ¢y, cp

Cy J

AIR AND GAS FLOW

Air

(U) Airflow at station 1IN (venturi throat) was calculated from the

equation,

5 s
POO (CFIN) AIN (CTIN) y;“ (w ]> =
WAIN = y

\ ’ TTID
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where v = v9; CTIN, the area thermal expansion coefficient, was calcu-
lated from the venturi wall temperature; and CF1N, an empirically
determined [low coefficient based on venturi curvature and boundary-
layer development (Ref. 10), was calculated from the expression for a
choked venturi.

(U) For small venturi,

CFINA = 097918 + 22010 - 1072 log (RN1A)

where

RNIA Small venturi throat Reynolds number )

(U) For large venturi,
CIPINB 0.97773 + 2.6167 x 107 log (RNIB)

where
RN1B = large venturi throat Reynolds number

W, = WAINA + WAINB

Turbine Cooling Air

(U) Compressor discharge bleed air (WC) for turbine cooling pur-
k poses was determined from the equation,

WC = WC3 + WG4 = 0.0700 W2 4+ 0.0191W2

where for calculation purposes, WC3 was assumed to reenter the primary
gas stream at the turbine inlet and WC4 at the turbine exit. The above
fractions of the total airflow were supplied by the engine manufacturer.

(U) Airflow al Station 31 was determined from the equation,

W31 = W2 - WC3 - WCi

i

0.8806 W2

Secondary Airflow

(U) The secondary airflow (W17) was calculated as follows:
W17 = WSM - WLIAK

A WSM = Secondary orifice flow

C.K [1 -G,

(PSOR1 - PSOR2) :l \/ PSORI1 (PSOR1 - PSOR2)
PSORI TOR
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where Cl’ C2, and K are empirical constants derived from the ASME

power test code for sharp-edged orifices with flange pressure taps and
where

PSOR1 = Orifice upstream pressure
PSOR2 = Orifice downstream pressure
TOR = Downstream orifice gas temperature

WLEAK = Secondary plenum chamber leakage flow
Gas Flow

(U) Gas flow at Station 39 was determined from
W30 = W31 + WF/3600
(U) Gas flow at Stations 40 and 50 was obtained from

W40 = W50 = W2 - WC3 + WF/3600

(U) Gas flow at Stations 51 and 8 was calculated from the equation,

W51 = W8 = W2 + WEF/3600

HEAT RATE

(U) The heat rate of the lube oil to water heat exchanger was calcu-
lated as follows:

QSW = WCW (CPWOC) (TWSCD -~ TWSCD
where
WCW = Cooling water flow rate
CPWOC = Average cp of cooling water = 1.020
TWSCD = Cooling water discharge temperature
TWSC1 = Cooling water inlet temperature

Note: This equation was in the program, but because the heat exchanger
was not turned on, QSW was set equal to 0.0 for all of the test points.

HORSEPOWER

(U) The shaft horsepower extracted (HPE) by the hydraulic pump
mounted on the gearbox was calculated by the following equation:

HPE = WHF|——ETMO - PTML . (pTMO — TTMI) CPHF x 3.93 x 10~
8.57 x 10° x SGHF
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where
WHIT = Hydreaulic Tluid mass flow
PTMO = Hydraulic pump outlet pressure
PIME = Hydeaulic pump inlet pressure
TTMO = Hydraulic pump outlet temperature
TIMI = Hydraulic pumpinlet temperature
CPHIC = Speceiflic heat of hydraulic {luid
= 01456 + 0.00056 (ILMOL TTML 6o
SGHE = Specific gravity of hydraulic fluid
= 0.8686 + 0.00036 (60 ~ TTMO)
ENTHALPY

(U) The enthalpy of air was obtained by integrating the equation
a
I = cpdt

400°R

(U) The enthalpy of turbine inlet, turbine discharge, and exhaust
gases was calculated as follows:

. - W OSHK HPE
AL 0 o 9 oo £ —
H2W2 4 ETABM x by, + 59,62 — b e - iR
W5l

H51 =

where the burner efficiency (ETABM) is calculated from an empirical
equation furnished by the engine manufacturer as follows:

) 0.084 . 0.25
ETARN = qase (12) (”'(3)) (limited to 0.985)
where

L

I

NBase Base burner efficiency
NBase = 0.7924 + 0.4492 x 1071 (139 - 13 + 0.4152 x 107 (139 - 13)
- 03722 x 107™° (139 -~ T3) + 0.8850 x 1072 (T39 — T3)*

and where the quantity -59. 62 Btu/lby, of fuel is the difference between
the enthalpy of exhaust gas at 540°R and air at 400°R/1b of fuel burned.

The term QSW is the equivalent heat removed by the lube oil auxiliary

cooler and is determined from lube system heat rejection data.
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5o Waldiah) - (Re3) I
50

o W2 s -2y
H10 - 1150 o

where turbine energy extraction is assumed equal to the energy added
by the compressor.
, W40 1140 - WC4 H3
S =
1139 W39

TEMPERATURE
Measured

(U) Total temperature for Station 1D was obtained by dividing the
indicated temperature by a correction factor of 0. 9977 per NACA TN
3766 (Ref. 11).

(U) Total temperature for Stations 2 and 3 was obtained by apply-
ing a recovery factor to the indicated temperature through the equation,

T,

Y1

1Y Y g Y
<.L1> CRE - <!-_‘>
I I

RI¢
Ri-

where '
0.9327 (Station 2)

0.9704 (Station 3)

it

(C) The Station 2 temperature was also corrected for pressure per
NACA TN 3766 (Ref. 11). The pressure correction for a similar, self-
aspirating thermocouple (Config. 6, Ref. 11) was obtained from Fig. 7
of Ref. 11. The curve had to be extrapolated from 0. 17 atm down to
approximately 0,05 atm to obtain corrections for the full range of test
conditions. At 0.05 atm, the extrapolated value of the recovery factor
was 3.4 times the value at 1 atm. No adjustments were made for any
differences in probe geometry between the actual probe and Config. 6
in Ref. 11,

Calculated

(U) The calculated total temperature at Stations 39, 40, 50, and 51
was obtained from the iteration of the equation,
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"

f cpdt = 1

100°R

where H is the calculated enthalpy.

(U) The total temperature at the compressor discharge (T3) was
not measured but was obtained from the compressor inlet total tem-
perature and pressure, the compressor discharge total pressure, and

the predicted compressor efficiency obtained from the test of engine
S/N E447051 (Ref. 5) as follows:
PR2 - 2.7183L3-3822 T2+ 15175 x 107" T2 4 5.2204 % 107 T2* - 20.332]

(equation of air tables)

P2

PR3l - PR2 (m>

T3I determined by iterating equation for PR2 substituting T3 in place
of T2

131 T2

-

131 =f cpdT 112 =J' epdT

400 400
TRIETE
3 = <_F:TA(:)+ H2

ETAC determined from Fig. III-1

T3
T3 determined by iterating H3 = cpdt

400

(U) The total temperature at the primary exhaust nozzle exit (T8)
was determined from the calculated turbine exit temperature (T51) and

a theoretical calculation of the thermal losses in the tailpipe between
stations 51 and 8 as follows:

o T8 .

18 = —mx 151

where T8/ T51 was obtained from Fig. III-2 for runs conducted without
the tailpipe thermal insulation blanket and from Fig. III-3 for runs con-
ducted with the tailpipe thermal insulation blanket.

ENGINE HEAT LOSS THROUGH EXTERNAL SKIN

(U) To calculate the external heat losses of the engine through the
external skin, the following assumptions were made:
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(U) 1. Convective heat losses are neglected through secondary
air.

(U) 2. The model for net radiation heat transfer between the engine
and cell wall was assumed to be a series of concentric
cylinders.

(U) 3. Estimates were made of all skin temperatures where skin
thermocouple measurements were not available.
(U) Net radiation heat transfer from the engine was calculated as
follows:

Acng X o X (Tcng‘ - Tcelr)
1 A 1
o eng -1
€eng Acell €

o = Boltzmann radiation constant = 0,1714 x 107*

Btu/hr - t? - °R

and = , Btu/hr

where

(U) Heat loss to the secondary stream (upstream of primary nozzle
exit) was calculated as follows:

Qsec = WSM x cp(TTS ~ TOR), Btu/hr

(U) Total engine heat loss was calculated as follows:
Qv = Qrad 1+ Qsec

(U) For simplification purposes and because the major portion of the
heat losses occurs in the tailpipe and primary nozzle, it was assumed
that all of the heat losses occurred between the turbine exit (T51) and the
primary nozzle exit (T8). Based on these assumptions, the effect of the
heat losses on the gas temperature at station 8 was calculated by

T8 = T51 ~ & _
chB

Curves. of T8/ T51 are enclosed for the engine with and without the tail-
pipe thermal blanket (Figs. III-2 and III-3). 'The assumptions made in
the calculation of the two T8/T51 curves are spelled out on the curves.
The assumptions were refined, and more skin temperature data were ob-
tained between the development of the curve without the tailpipe thermal
insulation blanket (Fig. III-2) and the curve with the blanket (Fig. III-3),
which accounts for the changes in the emissivity values in Fig, III-3.
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PRESSURE (CALCULATED)

Compressor Discharge Total Pressure

(C) The total pressure (P3) at the compressor discharge (station 3)
was determined from the measured compressor discharge static pres-
sure and the relationship of PS3 and P3, determined during the test of
J97 engine S/N E447051 (Ref. 5), according to the following relationship:

PS3/P3 = 101173 — LE 119 (RNI2) + 9.5891 (RNI2)?
—~ 27,742 (RNI2)* + 34.670 (RNI2)* - 15.181 (RNI2)*

Primary Exhaust Nozzle Total Pressure

(C) The exhaust nozzle inlet total pressure (P7) was not measured
but was determined from P52 and empirical information provided by the
engine manufacturer (obtained from the test of J97 engine S/N 424005/2,
Ref. 4) according to the following relationship:

P7 = P8 = P52 x 09603 + 0.0018 x jog,, RN8

Exhaust Nozzle Discharge Coefficient

(U) A primary exhaust nozzle discharge coefficient was calculated
using the following equation,

A8
crg = AR
ASH
where
we \[(T8)y/ — ( =
A8 = PQ;"’C LN s o dlheikad) pordle
and
.
psg - pr 2\ v -
y+ |
where
¥ o= ol

REYNOLDS NUMBER INDEX

(U) Reynolds number index was defined as

RN - 82012 4 199.5)
T T18.2(82)
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THRUST
Jet Thrust

(U) Jet thrust along the exit nozzle axial centerline was calculated
from the following expression,

F A2 v atonesi- )« S5y 4 ASS0D (PSSS - Py)
0 NS Be Bc
I _,S = =
CcOos lll'g
where
IS = Load cell force, Ihg
ATOD = Owtside area of primary duct at labyrinth seal

ASS0D = Outside area of secondary duct at labyrinth seal

(U) A free body diagram of the force terms of the jet thrust equation
is presented in Fig. ' -4.

Isentropic Jet Thrust

(U) The isentropic jet thrust was calculated from the equation,

R(T®

£

FIISEN = W8 (KV9)

c

where KV9, the velocity parameter for a perfectly expanded nozzle,
was calculated as follows:

y-!
2v P, Y
KVo = : I -
\Vry-! P8

where

Momentum Balance Jet Thrust
(C) The momentum balance jet thrust (FJMB) was calculated by

the following equation (Fig. III-5 shows a free body diagram of the
forces acting on the primary and secondary exhaust nozzles):
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FIMB = L;& V8 1 PSB(ABI + SEMPAP « MSVS 4 PSASI

. |
W8 v V& P I 'WSI. o
- BBy PBACH) « SVIPAD Z(gc )\Sl.

V v LPSL(ASL) — P,(A91) ~ AFJMMB 4
where 4
B y-1
V8 - Mg (C\V8) J:gcncm) (*’f:) Y
where
M8 = 1.0

where CV8 is a velocity coefficient derived from an engine manufacturer-
supplied equation as follows:

) 2
Cv8 = 09776 + 0.1550 x 107 (pl—llg—>— 0.3045 x 107! (PI[)_7S)

3 4
+ 07529 x 107 <i> 07997 x 107 <ﬂ>

PL.S PLS
— [ P7¥
+ 0.3047 x 10 6;?;‘{) 1
L where
[ PLS = Primary nozzle external lip static pressure l

y = yol
T8 = Calculated primary exhaust nozzle total temperature

SUMPAP = Sum of the axial componeuts of the pressure

area forces acting ou the exterior of the

primary nozzle

MSVS = Momentum of secondary air ai plane *‘S” L
in Fig. 11I-5
PSASH = Pressure area force acting in plane *‘S”’

VB, o |
?‘\' B = Momentum of air passing plane “‘B”’ in Fig. IlI-5

PBACH = Pressure area force acting in plane ‘‘B”

SUMPAD = Sum of the axial components of the pressure

area forces on the secondary nozzle

2(—‘—‘%>VSL = Sum of the momentum of the air pussing
c

through the slots in the secondary nozzle
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YPsL(ASL)
Al JMMB

(ACEG)

(ACIFG)

(ACIFGSWY)
Thrust Coefficient

(U) Thrust

equations:

H where

\

&u Ml ,‘;‘;ﬁg}b.».—:m.mw"’?‘/\}(

!

(ACFGSW) =

CONFIDENTIAL

= Sum of the products of the slot static

pressures and the slot flow areas

= (ACKG + ACEGSW) (IFJISEN)

A cotrection (provided by the engine manufacturer)
to the velocity coellicient CV8 for a Reynolds
number effect

i

s

105 105

Lo\ ? 4 s
~ 0.5893 » 1072 (M) + 0.8682 « 107 (“l”> - 04577 x 10*‘(“%‘(’)‘;)

A correction to the momentum balance thrust
for exhaust gas swirl determined from test

measurements

0.0017

coefficient was calculated by the following equation:

ClG = LS
FIISEN

CORRECTED PARAMETERS

(U) Performance parameters were corrected by the following

Corrected Airflow,

g - T2 518.7R

6 = P2 1L6Y6 psia

Corrected Rotor Speed,

NE - N \67

Corrected Fuel Flow,

WEe = WE
VG

Corrected Turbine Discharge Temperature (T51%),

Ts1* - Lol
I's5l 7
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ALTITUDE AND MACH NUMBER

(U) Altitude and Mach number were calculated using an iterative *
process as described below:

Step 1. Using measured cell pressure (Pg) for the first approxi- 4
mation, the altitude and static temperature (T,)
correspcnding to this ambient pressure were calculated.

Step 2. For a temperature ratio of T2/ Ty, the flight Mach num-
ber was calculated.

Step 3. For the above calculated Mach number, the correspond-
ing total-to-static pressure ratio (PZ/POX) was calculated. ‘

Step 4. From the (PZ/POX), Py, and a ram pressure recovery
(NR), it was possible to calculate P2".

Step 5. When comparing P2'with the measured value of P2, if
they did not agree within 0. 0002, a new value was
assumed for P, and entered into Step 1 until
|P2" - P2| < 0.0002,

(U) The equations<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>